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doi:10.1016/j.gmbhs.2012.04.013Abstract We aim to establish a microfluidic chip device capable for continuous sample sepa-
ration by integrating a simple and easy-fabrication microweir structure for crossflow filtration
in the present study. The proposed microchip device is composed of two major components,
including flow channels and microweir structure. Using the injection of the mixed samples with
different sizes, the samples can be transported through the flow channel and then be sepa-
rated by the microweir structure. The microweir structure with a different height can be
generated by utilizing a standard lithography and overetching process, so that the gap can
be used to be a selective tool to separate the smaller sample. In this study, a 10-mm gap
was generated by established a microweir structure with 20 mm in height with a 20-minute
etching process. Optimal sample separation efficiency in 82% can be obtained of the sample
concentration in 103 mL1 by utilizing the proposed design of the microweir structure to sepa-
rate two groups of beads in different diameters. In conclusion, the proposed chip device can be
regarded as an effective tool for clinical application.
Copyright ª 2012, Taiwan Genomic Medicine and Biomarker Society. Published by Elsevier
Taiwan LLC. All rights reserved.t of Mechanical and Electro-
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Cell separation and purification are one of the most
essential procedures for biologic analyses and biomedical
detection applications.1 Specific cell isolation, such as stemrker Society. Published by Elsevier Taiwan LLC. All rights reserved.
Microfluidic chip to separate/collect samples 71cells, circular tumor cells (CTCs), cancer stem cells, and
immunocytes, is the necessary process for cell property and
behavior analysis. Although the conventional methods of
isolating specific cells, including the flow cytometry tech-
nique2 and centrifugation,3 can offer a high throughput
and accurate screening results, nevertheless the disad-
vantages such as bulky instruments, higher operational
costs, and professional operator requirements still limit
their clinical applications. New and cost-effective minia-
turization devices and systems based on Bio-Micro-Electro-
Mechanical-Systems (Bio-MEMS) technology can provide
precise and high-throughput analysis of biologic samples
and lead to great advancement of the biologic methods.
To acquire higher sample isolation/separation efficiency,
several sample separation techniques have been devel-
oped, including fluorescence-activated cell sorting (FACS),4
optical force switching sorting,5 magnetic-activated cell
separation (MACS),6 and dielectrophoresis (DEP) force
separation.7 For the purpose of identifying specific cells,
some methods such as FACS and MACS rely on molecular
biomarkers labeling, either labeled on the substrates or
cells. Depending on the well-designed protein or nucleic
acid based biomarkers, precise molecular interactions can
offer complementary binding process to identify and isolate
specific cell populations.8 However, the complicated
labeling and binding process increases the operative time
and difficulty, as well as the costly biomarker reagents and
instruments for biomarker detection. To satisfy the need of
cell separation and sorting requirements, several tech-
niques, namely label-free platforms, have been developed.
Label-free techniques operate by utilizing physical char-
acteristics, including cell size, shape, density, deform-
ability, electrical polarizability, electrical impedance,
magnetic susceptibility, and hydrodynamic properties, to
sort cells, where the differences of the proposed physical
properties can be utilized as the separation force of the
specific cells separation. However, some of these charac-
teristic operations have significant disadvantages, including
complicated operation process and resulting cell damages.
For example, DEP is a promising approach for cell sorting
with high separation efficiency, but it might damage cells
due to the electric charge, and it also requires a bulky and
expansive system to manipulate the electric field. Hence,
there is a great need for methods based on a simple and
nondestructive approach for sample separation.
Cell size is a mostly utilized label-free separation term
to identify cells, e.g., filtration is a promising approach to
separate cells with different diameters. The filtration
process can be easily revealed by constructing the micro-
structures, including micropillar arrays, microweir, and
membranes, that multiple size cell samples can not only be
separated by controlling the size of pores or gaps between
microstructures, but they also provide a nondestructive
method for cell separation.9,10 However, some issues such
as clogging and jamming were found in current separation
methods based on dead-end filtration. In dead-end filtra-
tion methods, the filtration structure can be clogged or
jammed by the stopped larger cells so that the smaller cells
will not pass through the structures, resulting in lower
separation efficiency.10e13 To solve the mentioned
problem, a continuous separation method, namely cross-
flow filtration, was developed, which allows the bigger cellsto stay in a suspended state instead of clogging the struc-
tures and increases the separation efficiency.14,15 In this
research, we have proposed a continuous sample separa-
tion chip by utilizing a simple and easy-fabrication micro-
weir structure that can isolate specific sample by size
variety passively instead of utilizing bulky instruments and
a complicated fabrication process.
Materials and methods
To achieve a simple approach for a continuous sample
separation on a microchip, a glass-based microweir struc-
ture was utilized to be a passive and selective method to
isolate and collect specific samples within variety of
diameters/volumes (Fig. 1A). The proposed chip device was
composed of two major components, including flow chan-
nels and microwire structures. The flow channels were
including primary, secondary, and side flow channels, which
were used to provide the flow region of the buffer and
samples. First, the mixed samples in buffer with different
sizes were injected into the primary flow channel, and
a blank buffer was injected into a secondary flow channel.
By utilizing a different flow rate (250 mL/minute in primary
and 100 mL/minute in secondary channel, respectively),
a pressure drop and suction force were generated to lead
the mixed samples flow through the separation area, which
was composed of the microweir structure located on the
cross section between the primary and side flow channel
(Fig. 1B). The microweir structure was used to reduce the
channel depth and create a gap to make the smaller
samples flow through the side flow channel and be
collected into sample collection area I. The samples larger
than the gap were blocked and transported downstream
through the primary flow channel, and they were collected
in sample collection area II. The microweir structure can be
established by utilizing an overetching technique; more-
over, the height of the gap generated by the microweir can
be adjusted by controlling the etching time so that samples
with different sizes can be selected accordingly.
Results and discussion
The proposed microfluidic chip device was fabricated by the
lithography process and commercial glass substrate so that
the operative difficulty and cost can be reduced accord-
ingly.16 The overview of the fabrication process utilized to
create the microweir structure for sample separation is
shown in Fig. 2A. The glass substrates utilized for the
microchip fabrication were low-cost, commercially avail-
able microscope glass slides. First, to eliminate the particle
and oil on the substrate surface, the slides were placed in
a boiling Piranha solution for 10minutes prior the fabrication
procedure. As shown in Fig. 2, to fabricate the micro-
channel/structure on the glass substrate, Hydrogen Fluoride
(HF)-based etchant was utilized to operate the etching
process, and a layer of AZ 4620 positive photoresist (PR) was
used as the etchingmask to protect the predefined area. The
PR layer was spun on the glass surface with a uniform
thickness by using a spin coater machine. After the standard
lithograph process, including the soft-baking, developing,
and hard baking processes, the PR-protected pattern was
Figure 1 (A) Schematic illustration of the continuous sample separation chip device; (B)illustration of the sample separation area
divided into four parts, including the primary flow cannel, secondary flow channel, side flow channel, and microweir structure.
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a buffered oxide etchant (BOE) (6:1) etchant solution to
fabricate the microstructures (Fig. 2). Since the proposed
microweir structure was constructed using the undercut
effect of the isotropic etching to the glass substrates, the
etching time was a critical parameter and can be used to
determine the height of microweir structure; therefore, the
gap size that allowed specific particle samples to pass
through can be controlled (Fig. 2). In this study, channels
with 30 mm in depth could be achieved utilizing the BOE
etching in 30 minutes, so that the etching rate was approx-
imately 1 mm/minute. After the microweir structure
construction, the PR etch mask was then removed byimmersing the glass substrates in a diluted KOH solution.
Then, the etched glass substrate with the microweir and
channel structures was then bonded with another glass
substrate to form elliptic channels by using a thermal fusion
bonding process performed in a sintering oven at a temper-
ature of 670 C for 10 minutes. The microchip device after
fabrication process is shown in Fig. 2B. The size of the chip
device was 30 mm in length, 25 mm in width, and 4 mm in
depth, respectively. The length of the primary and
secondary channel was 20 mm, and the length of the side
flow channel was 1 mm. Fig. 2C shows scanning electron
microscope (SEM) images of the proposed microweir struc-
ture. A 10-mm gap was generated by established a microweir
Figure 2 (A) Overview of the fabrication process utilized to create the microweir structure for sample separation;(B) photograph
of the proposed microchip device; (C) Scanning electron microscope (SEM) images of the microfluidic channel and microweir
structure. A microweir structure with 25 mm in height can be established by the etching process.
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74 S.-K. Hsiung et al.structure with 20 mm in height with a 20-minute etching
process. The width and depth of primary, secondary and side
flow microchannels were 40 mm and 20 mm, respectively.
To define the separation efficiency of the proposed
microchip device, we used two different sizes of commer-
cial polystyrene fluorescent microbeads (Peakflow, emis-
sion in 620 nm, Invitrogen, Grand Island, NY, USA) in 6 mm
and 18 mm to test the performance of the proposed chip
device (Fig. 3). The images represented in Fig. 3A clear
show that the 6-mm microbeads can pass through the
microweir structure by the suction force generated from
the pressure drop between the primary and secondary flow
channel, and they are collected in the sample collection
area at the downstream of the secondary flow channel. The
18-mm beads were suspended and flow to the downstream
of the primary flow channel. The separation efficiency and
the influence of the sample concentration were discussed.Figure 3 (A) Images of the microbead samples with two
diameters separated by the microweir structure; (B) relation-
ship between the sample concentration and the sample sepa-
ration efficiency. The optimal sample separation efficiency in
82% can be obtained of the sample concentration in 103 mL1.In this study, 20 microweir structures were utilized in each
microchip for sample separation, and the flow rate was
250 mL/minute in the primary flow channel and 100 mL/
minute in the secondary flow channel. The volume of
original mixing sample consisted of 50% 6 mm beads and 50%
18 mm beads, and the original concentration of both
samples was 107 mL1. Influence of sample concentration on
the sample separation efficiency is shown in Fig. 3B. We
have diluted the samples in different concentration,
including 103, 104, 105, 106, and 107 beads/mL. The exper-
imental results represented the separation efficiency of the
mixed samples was decreased along with the sample
concentration. The optimal sample separation efficiency in
82% can be obtained of the sample concentration in
103 mL1. The results indicate that, in higher concentration,
the microweir structure will be blocked and clogged by the
large bead samples and part of the smaller beads kept flow
through the primary flow microchannel. Since the sample
concentration decreased, the separation efficiency can be
increased accordingly due to the passing rate of the small
beads through the microweir structure increased.
In this study, we have established a microfluidic chip
device capable for continuous sample separation by inte-
grating a simple and easy-fabrication microweir structure.
By utilizing a standard lithography and overetching process,
the microweir structure with a different height can be
generated so that the gap can be used to be a selective tool
to separate the smaller samples. According to the results,
the proposed chip device can be regarded as an effective
tool for clinical application such as WBC/RBC separation in
whole blood samples.Acknowledgments
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